SECTION I
CONCLUSIONS
During the past decade, much effort has been expended in identifying

and analyzing the wet-weather pollution control problem. The initial
concern with combined sewer overflows expanded to consideration of

stormwater runoff in general. This study assesses the costs of control-

ling wet-weather pollution to varying degrees. A key question is what
is the relative importance of various sources of wet-weather pollution

and how does wet-weather pollution control compare to dry-weather pollu-

tion control? Also, what is its impact on receiving water?

Control of wet-weather pollution is distinctly different than the
traditional dry-weather problem. In wet-weather pollution control, one
would normally use a mix of storage and treatment, not treatment alone.
Thus, new techniques are needed to determine optimal mixes of storage
and treatment. Numerous effectiveness criteria for wet-weather control
have been used, e.g., number of overflows, percent runoff control, per-
cent BOD control. For wet-weather control, the most critical impact on
receiving water does not necessarily occur under low flow conditions.
How should the critical conditions be defined? Basic questions of this
nature arose throughout the study because it is such a relatively new
area of concern. Thus, the final estimate could vary widely if some of

the

these assumptions are changed. However, the approach is a fairly general

one and assumptions are stated explicitly. Thus, the interested reader
can refine the estimates as better information becomes available. The
remainder of this section presents conclusions. The following section
on recommendations will focus on data gaps and related matters.

DEMOGRAPHIC CHARACTERISTICS OF THE URBANIZED AREAS

Urban areas in this study have been taken as the 248 urbanized areas
defined by the Bureau of the Census of the US Department of Commerce in
the 1970 census and other urban areas. The 248 urbanized areas defined
in 1970 are generally characterized as having:

a central city or urban core of 50,000 or
more inhabitants;



closely inhabited surroundings, consisting

of incorporated places of 100 housing units

or more; and small unincorporated parcels
with population densities of 1,000 inhabitants
per square mile or more (386 per square km);
and

other small unincorporated areas that may
eliminate enclaves, square up the geometry
of the urbanized area or provide a linkage

® to other enumeration districts fulfilling
the overall criteria within 1 1/2 miles
(2.5 km) of the main body of the urbanized
area.

All 248 urbanized areas in the United States were analyzed in varying
levels of detail. Population density distribution functions were
developed for 50 urbanized areas. These results were extrapolated

to the other 198 urbanized areas. Land use information was derived
based on a statistical analysis of 106 cities. The results for all
USEPA regions and the entire US are shown in Table I-1, Demographic
Characteristics of the Urban Areas. A total of almost 150 million people
live in urbanized areas in the United States at an overall average popu-
lation density of 5.1 persons per acre (12.6 persons per ha). Urbanized
areas, as defined, are about 46.2 percent undeveloped as estimated in
Table I-2, Land Use Distribution for the Urban Areas in the US. The
distribution of the developed land uses is approximately as follows:

Residential 58.4
Industrial 14.8
Commercial 8.6
Other 18.2

Total 100.0

Information on population and area served by combined sewerage systems
were provided by APWA. The population and area served by storm sewers
and in the unsewered area were estimated as residuals. All areas with

a developed population density of less than five persons per acre were
assumed to be unsewered. The results, shown in Table I-3, Land Use b
Type of Sewerage System, indicate that about 14.4 percent of the urban
area is served by combined sewers, 38.3 percent by storm sewers, and the
balance of the developed area is unsewered. Table I-4, Population by
Iype of Sewerage System indicates that 25.2 percent of urban population
is served by combined sewer systems, 52.1 percent by storm sewer systems,
and the remaining 22.7 percent is unsewered. Table I-5, Population
Density by Type of Sewerage System indicates nationwide average developed
population densities of 16.73 (41.30), 13.00 (32.09), and 4.59 (11.33)
persons per acre (persons per ha) in combined, storm and unsewered areas
and an overall_average developed population density of 9,56 persons per
acre (23.6 persons per ha).
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RUNOFF ANALYSIS

An examination of precipitation patterns led to the division of the
country into five zones for purposes of analysis with the Corps of
Engineers’ STORM model: Pacific Coast, Rocky Mountain, Midwest and
Texas, South and Southeast, and Northeast. STORM was run on a repre-
sentative city for each of these regions: San Francisco, Denver,
Minneapolis, Atlanta, and Washington, DC. Results from these runs
were used in developing the nationwide assessment methodology and also
used to calibrate the elementary technique used for runoff prediction
for the 248 urbanized areas.

Annual wet~weather runoff was generated using a runoff coefficient

that is a function of impervicusness which in turn is a function of
population density. Table I-6, Annual Wet-Weather Runoff for Combined,
Storm, and Unsewered Areas indicates average runoff .of 16.5 inches (41.9
cm) per year, 14.8 inches (37.6 cm) per year, and 10.8 inches (27.4 cm)
per year from an average precipitation of 33.4 inches (84.8 cm) per year
in combined, storm and unsewered urban areas, respectively. Dry-weather
flow is a function of population density on the basis of 100 gallons per
person-day (379 liters per person-day). Table I-7, Annual Dry-Weather
Flow for Combined, Storm, and Unsewered Areas illustrates runoff magnitudes
by USEPA region and for the US as a whole.

Average annual dry-weather flow (DWF) is significantly greater than average
wet-weather flow (WWF) only in the arid areas of USEPA regions 8 and 9. The
heavily urbanized regions 2 and 3 produce the highest dry-weather flows
(although above average precipitation partially offsets these values). How-
ever, in most parts of the country, dry-weather flows represent 30-50 percent
of the total (wet plus dry) runoff from urban areas.

PREDICTION OF URBAN RUNOFF QUALITY

Analysis of available urban runoff quality data indicates a great number
of disaggregated urban runoff studies from which it is highly difficult
to draw meaningful conclusions as to pollutant loading rates. For
instance, there are no known studies in which both surface and effluent
data have been gathered simultaneously. In addition, there is a wide
variation in the manner in which data are reported (e.g., "average' con-
centrations) and in the amount of related information provided about

the catchment areas (e.g., population density).

On the basis of the available data, pollutant loading estimates were
developed for wet weather for BOD., suspended solids, volatile solids,
total phosphate (POQ) and total nitrogen (N), and derived as functions
of precipitation, land use and population density, the latter only for
residential land use. Other land uses are commercial, industrial and
open. These estimates indicate that, for the same population density,
loads from combined sewered areas are approximately four times higher
than those from separate sewered areas. Furthermore, higher population
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densities in combined sewered areas will increase the ratio even more

because loadings are assumed to be an increasing function of population
density.

NATIONWIDE QUALITY ASSESSMENT

Annual BOD_ loads were calculated for the 248 urbanized areas for
both wet and dry-weather conditions, the latter under the assumption
of 0.17 pounds per person-day (0.08 kg per person~day). Annual loads

for other parameters may be easily calculated for any urbanized area
from information provided in Section V.

The national summary is shown in Table I-8, Dry-Weather BOD Loadings
and Table I-9, Wet-Weather BOD Loadings. Loading rates for untreated
dry-weather flow are higher than for wet-weather flow. However, if 85
percent secondary treatment is assumed for dry-weather BOD generation,
wet-weather loads are seen to be“one third of the total residual
loadings in urban areas. - Moreover, BOD loadings from combined sewered
areas are comparable to loads due to secondary effluent.

COST ASSESSMENT METHODOLOGY

A generalized method for evaluating the optimal mix of storage and
treatment for any desired level of pollutant control was Presented.
This method can be used for any city in the United States to obtain a
first approximation of control costs. Five cities (Atlanta, Denver,
Minneapolis, San Francisco, and Washington, DC) were used in the more
detailed analysis. The effects of treatment plant efficiency and first
flush are included.

An evaluation was made of the relative desirability of using a mix of
storage with either primary treatment or secondary treatment. The
basic tradeoff to be evaluated is whether primary treatment is suffi-
ciently less expensive than secondary treatment to offset its lower
removal efficiency which necessitates treating a much larger amount of
flow to effect an equivalent BOD removal. The results indicate that a
primary type of facility is preferable wup to BOD removals of about ten
percent. A secondary facility is preferable for higher levels of
control.

The annual average percent runoff control and the annual number of over-
flow events were correlated to permit the reader to use either criterion
as an effectiveness metric. A precipitation event was assumed to termi-
nate following 12 hours of no precipitation.

The final assessment results (annual costs per acre) are shown in Table I-10,
Annual Control Costs - Combined Areas, Table I-11, Annual Control Costs -
Storm Areas, and Table I-12, Annual Control Costs - Unsewered Areas.
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In order to obtain an overall wet~weather pollutant control of, say, 50
percent in a given urbanized area, the optimal strategy is to use a blend
of control in the combined, storm, and unsewered portions of the urhanized
areas such that the marginal cost of control in each of these three areas
is equal. The results are shown in Table I-13, Optimal Percent Control for
Specified Overall Percent Control. Knowing this result and the control cost
equations for each type of sewerage system in each urbanized area, the
optimal cost per acre can be determined as shown in Table I-14, Optimal
Annual Cost per Acre for Specified Percent Control. Lastly, the costs per
acre are multiplied by the acreage in the combined, storm, and unsewered
categories to obtain the final assessment results which are shown in Table
-15, Optimal Annual and Capital Control Costs. The results indicate that,
for the entire US, the total annual costs for 25, 50, 75 and 85 percent BOD
control are $297, $886, $2,725, and $5,029 millions of dollars per year.
Similarly, the initial capital investment for 25, 50, 75 and 85 percent BOD
control is $2,476, $7,391, $22,744, and $41,968 millions of dollars based on
85 percent of the present worth of the total annual cost at an assumed inter-
est rate of 8 percent over 20 years. Note that the incremental costs for
wet-weather control increase significantly. This is due to the dispropor-
tionately larger control units needed to capture the less frequent, larger
storms.

An analysis was made of the possibility of cost allocation among wet-weather
quality control and dry-weather quality control (with flow equalization) and
wet-weather quantity control (with storage required to reduce runoff rates
and volumes). The results suggest that significant savings might be realized
as shown in Figure I-1, Single Purpose and Multiple Purpose Stormwater Pollu-
tion Control Costs for US, which indicates reductions ranging from 70 percent
at low control levels to 30 percent at high levels.-

In addition to using storage-treatment devices to control wet-weather pollu-~
tion, other options, popularly called best management practices (BMP's), are
available. A related study suggests that significant savings in control
costs could be realized if BMP's are used in conjunction with storage-
treatment. The estimated costs of control incorporating BMP's are shown

in Figure I-1. The savings range from about 50 percent at low levels of
control to about 38 percent at higher control levels. Further savings could
be realized by allocating some of the cost to other purposes, e.g., street
sweeping for aesthetics.

The relationship between tertiary treatment and wet-weather control was
examined by finding the percent wet-weather control to initiate prior to using
tertiary treatment. Results indicate that about & percent of the wet-weather
flow problem should be controlled before initiating tertiary treatment control.
BOD removal was used as the effectiveness metric. Different results would be
obtained using nutrient control as the criterion. ‘

The results of this assessment indicate significantly lower control costs
than reported in earlier studies, i.e., the USEPA Needs survey (initial
capital cost = $266.1 x 109), and the National Commission on Water Quality

(NCWQ) study (initial capital cost of $288.6 x 109). The NCWQ study

24
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was the only other one which explains its methodology and assumptions.  Thus,
a comparison with that study has been made. Major differences in results
are attributable to the following:

1. Collection System Costs - The NCWQ estimate includes
$84.0 x 109 for constructing storm sewers. This study
does not view storm sewers as chargeable to pollution
control.

2. Choice of a Design Storm - The NCWQ studies used control
of the two year, one hour storm as the basis for their mean
estimate of control costs. The concept of a design storm
was not used in this study because it was felt that a
continuous characterization in terms of percent of the
runoff which could be treated was more appropriate
since no accepted design event condition exists which
also specifies a design antecedent dry-weather period.
Figure I-2, Overall Percent Precipitation Control vs.
Rainfall Intensity, Atlanta, GA (1948-1972) shows that
using a frequency of one month would permit capture of
90 percent of the precipitation volume. Sizing for the
two year, one hour storm yields relatively little in-
cremented control and requires a much higher control
volume,

Only the future will tell which, if any, of the above cost estimating pro-
cedures provides the most accurate estimate of national control costs.
Within the severe data gathering limitations imposed by a national estimate,
this study has attempted to make the results as site specific as possible.
Improved estimates can be obtained using local data. 1In particular,
topographic information and knowledge of the numbers of outfalls permits
inclusion of pumping costs and analysis of the optimal combination of control
units and interceptor sewers.

RELATIVE IMPACT OF WET- AND DRY-WEATHER FLOWS ON RECEIVING WATER

The relative importance of separate storm water, combined and dry-weather
flow runoff as waste sources generated by the urban environment may be
assessed more effectively through the use of models that simulate contin-
uously in time. Based on an annual simulation of waste inputs to the Des
Moines River from the Des Moines metropolitan area, various treatment alter-
natives are investigated. Minimum dissolved oxygen (DO) cumulative frequency
curves indicate that:

1. During periods of wet weather, the urban runoff
contribution of BOD is the most significant
among all of the urban BOD sources,
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For existing treatment facilities in Des Moines,
Iowa, 42 percent of the wvet-weather events were
pPredicted by the mathematical models to violate
a 4.0 mg/1 minimum DO standard. During these
periods of wet weather, the sewage treatment
facility provided secondary treatment to munici-
pal wastewater.

During periods of dry weather, effluent from the
secondary treatment facilities violated the same
stream DO standard two percent of all the dry-
weather days in 1968,

Combining the effects of wet weather and dry
weather, the models predicted that DO standard
violations would occur 33.total days out of the
year.

An evaluation of costs incurred indicates that

25 percent BOD control of wet-weather flow,

while providing secondary treatment of dry-weather
sanitary flow, is an effective treatment strategy.
Violations are reduced to 26 days out of the year

at an incremental cost of approximately $800,000/yr.,

The benefits received from a reduction of shock
loads from urban runoff are not readily quanti-
fiable but should be considered when compared to
strategies that involve high levels of municipal
wastewater control.
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